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Description 



This invention relates to a production process for chlorine, and more specifically to a process for pro- 
5 ducK cWonne by oxidizing an offgas, which has been discharged from a reaction step of an organic 
compound and containing hydrogen chloride, with an oxygen gas. . nf nrn _ nir 

Hvdrooen chloride is byproduced in large amounts in both chlonnation and phosgenation of organic 
compounds *s however'hrown away without utilization because the production of byproduced I hyd ro- 
gendiloride is far greater than the market demand for hydrogen chlonde. Large expenses are also re- 
10 auired to treat byproduced hydrogen chloride for its disposal. • -r^^,„ 

A reaction in which hydrogen chloride is oxidized to produce chlorine has been known (the Deacon re- 
actioX ^anHears ThI copper-base catalyst which was invented for the first time by Deacon m 
f 8 « has "co^ventionalTy been considered to exhibit the best activities Since then J""^* 
Deacon catalysts with various compounds added as a third component to copper chlonde and potassium 
15 chloride haW also been proposed Catalytic reactions making use of these catelysts however required 
hS^tem^ratures of 400°C and higher. In addition, the above Deacon catalysts were insufficient in 

Se RMa!Sng the process for producing chlorine by using a Deacon catalyst, a Proposal has bee in made 
in ul Patent No 4 394 367 According to the process of this U.S. patent, a gas obtained as a resutt of 

20 the > ceteJyte reaction is introduced in a sulfuric acid absorption column the temperature o which is SHAM- 
S' lower than the reaction temperature, so that the gas is dewatered land dned. SubsequenT to ite com- 
pression, impurities such as polychlorinated byproducts are extracted and removed with carbon tetra- 
chloride and chlorine is then liquefied for its separation. ... . _ d „, o{ su . 
The above-proposed process however requires the recirculation and utilization of a great deal ot sut 

25 furic acid for the elimination of resultant water contained in a ^ ^oMmJhe^^edg^, be- 
cause the sulfuric acid absorption column is operated at a high temperature near about 200 C. Tne 
above process cannot therefore be considered as an advantageous process in every aspect, when the 
initial cost and power cost are both taken into consideration. . 99Q /.or™ 

As an improvement to the Deacon process, it is also disclosed in "Chemical Engineenng , 229 (I963) 

30 iwJtoSS the reaction by using air as an oxidizing agent, the resultant gas «r ^XToasIs 
ter to recover hydrogen chloride as 30% hydrochloric add. the remaining portion of the resultant gas is 
dewatered and I dried with sulfuric acid, arid carbon tetrachloride is used as an extracting reagent for 

^Sorting to the above-proposed process, air is used as an oxygen source. The conception of 
chS in the resultant gas is therefore low, leading to the need for a considerable power cost for the 

i]q T^£^ e co^^S n o^ese processes, the use of a solvent such as carbon tetrachloride 
in Sfe seSSon Safter £e reaction is mentioned. As a result, a cumbersome^ aep ■« ;ad^onaIly re- 
auSed for the separation of chlorine and carbon tetrachloride from each other. When the remaining ^gas 
Is reacted ^er separation of chlorine as in the process of this invention, the solvent is mixed in the re- 
cycled gas so that the chromium oxide catalyst is adversely affected. 

Various proposals have also been made as to the use of chromium ox.de, which is other than ^ttie afore 
mentioned Deacon catalysts, as a catalyst None of such proposals however indicate suffic.er.1 , active- 
tier For example U.K. Patent No. 676 667 discloses to support CrOs on an alumina earner, followed by 
45 Seining o?reduction wHh hydregen so that a trivalent chromia catalyst is formed. It. however provdes 
tow conversions only. Although ttiese chromium oxide catalysts can achieve high '"'^o^ 6 ^ 0 "?' 
Seir^atalytic activities are reduced significantly with the passing of time ^ ""J^™™* * J^f 
problem, it is proposed in U.K. Patent No. 846 832 to incorporate chromyl chlonde in the raw matenal. 

i e.. hydrogen chloride, in order to maintain relatively high conversions. . . , „ 

so The present inventors have carried out an extensive investigation with a view toward developing a 
proce^S preductiln of chlorine in which process a chromic oxide (CraOa) catalyst is used and the 
Son and recovery step of chlorine may be effected without any solvent As a resultthe chromic 
l^catelyst has been found to be superior to Deacon catalysts under certain reaction i conditions al- 
ftough chromium vaporizes slightly in the course of the reaction. In order ■to proceed w,th the reason 
55 white maintaining theactivity of the catalyst at a high level, it is necessary to maintain the catalyst always 
SS Sgen-dependent oxklizing atmosphere. Therefore, oxygen may be used in an amount greater tiian 
rts sSometric equivalent to hydrogen chloride, preferably in a relative* large excess , o 0.25 or 
areaterin terms of Oa/HCI molar ratio. It has also been found that the catalytic activity can be main- 
tained a a hgiie ^ evel as the rate of excess oxygen increases. If air is used as an oxygen source, the 
60 Sncentiation ^of chtorine in tiie gas obtained after the reaction becomes low. a higher cost is required 
toTftfseJaretion ™6 purification of chlorine. Moreover, a substantial cost is also required I fo the 
treataTent and/or processing of the enormous amount of waste gas upon its release into the atmosphere. 
/toSfagfrit teftduS disadvantageous to use air. In contrast, use of oxygen has been found to 
b^ffective in maiSng the catalytic activity. It has also been found that chlonne can be separated 
65 £ tnfy ^m com^ol and ceoUng, since the concentration of chlorine in the resultant gas is h,gh. 
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c.. rt( ,«rmnr 0 it ha«s been found that waste gas is formed in a smaller volume and the cost required upon 
SffiR ttSfttEjES i ; h«,cel bwered. It has however been found that the above m» 
Sires the use of oxyjen "n a relative large excess and after the separate of chlonne, the remaning 

5 TSe^SSL wth the foregoing in view The present invention therefore 
proves a pScTss for producing chlorine by using an excess amount of o^gen "2*^^!^ 
mic oxide, in which vaporized effective components are recovered effectively and after the ox.dat.on. 

ence of a d^iXotolyrt by using oxygen in an amount in excess of 0.25 mole per mole of the hy- 

^TSS^SShSK 1 ^ Primarily comprises chlorine, water, unreacted hydrogen chloride, ox- 
,S ygan ^Z^^X^^o^rBpA and then washing same with water, thereby recover- 

m %^SZt^^°o^e resultant gas again with water tc .absorb £ .unacted hydro- 

aration WlSuefied chlorine and is composed primarily of oxygen, as a crcuiating gas to the ox.dat.on 
25 stepl). 

An embodiment of the invention will now be described in greater detail with reference to the accompa- 

ny FI 9 GURE I is'antSnplary flow sheet suitable to follow upon practice of the process of this invention. 

Ttoj^^hS^TSM^aSwomtutn washing column 8. a hydrogen chloride ^gas absorption col- 
umnl a sulJSd washing column 21 , a compressor 28 and a distillation column 32 Based on the flow 

STJ?!25iSfS* the hXwn *te«te is nol «lway» Ngt>. .« when *e hydrogen 
es ^^bete^u^ cartoons. Tne amount of activated car- 
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■Mas Sw^sSS&Sss St^-sews: 

iai#«i^^ S iron - *" not reslstant 10 

^S"o e xide^^. in the practice of ■ «. invgon stains chroma (Cr 2 0 3 ) as its prin- 
cipal component It can be prepared by either pnonttn " dipping process^ chr0 mium 
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450-C. The conversion velocity of hydrogen chloride becomes faster ; as ; the > reacBon temperature ris- 
es However, the amount of vaporized chromium, increases as the reaction te "Waturenses. 
■xS^S^Mmm hydrogen chloride and oxygen is shown by the following reaction formula (1). 

5 4HC* + Oz- 2Cf 2 + 2H a O (I) 

As shown by the above reaction formula, one mole of oxygen is a stoichiometric ° f 
^dmn^chloride Snce it is necessary to maintain the chromic acid catalyst always in an oxidizing at- 
SSptore d!S %s rS me «to of hydrogen chloride to oxygen in a mixed gas line f wnnected to the 
< n ™^or a mu^ to at least 0 25 mole of oxygen per mole of hydrogen chlonde, with a range °.25-10 
K bin preferred Sre preferably. thTftowTate of oxygen through the line 4 and that o ftoe recy- 
cled I gaMhmugh Une line 35 are controlled to maintain the amount of oxygen wrthin a range of 0.5-2 moles 

^^o^o^XX^^^ 0.25 or lower, the conversion of hydrogen chloride 

^resultant aai which has flowed out of the reactor 6, is a gas containing water, chlonne, unreact- 
ed ^^n^onde^Sgen, and vaporized chromium and **ce amount of inorganic gas ongmated 
from catalyst components and having a higher temperature of 300-500 C. washed 
The resultant gas then enters the chromium stripping column 8. in which it is cooted rapidly an gashed 
with water Since chromic oxide is used as a catalyst in the present invention, it accompanies the result 
ant craTas vSzed chromium compounds. It is hence extremely important to remove andrea^erthe 
™cScf chromium from the resultant gas. In the present invention, the vaponzed chromium compound 
ESS froTthTSst and me chromium powder scattered from the fluidized bed are contained in 
ftf res^tert ^a^ugh 1 ttieir amounts are small. A trace amount of chromium s therefore mixed .nan 
JaueTufhvdrK the case of usual water washing which is intended to recove and 

remwe^hKlTcWoride. The aqueous hydrogen chloride solution cannot therefore be -used I for usual 
actions of 9 ^drochtoric acid. It is difficult to recover the chromium component from hydrochlonc ac- 

W 'For the above-mentioned reasons, the chromium component is separated and ^covered f f^*™* 
eentration in a washing in the first water-washing step in this invention. Specifically, the resultant gasis 
35 fed toS chromkfm vJWhing column 8 through which water is recirculated. The resultant gas is ; hence 
^ni«H «oiX and *e^varorized chromium compounds are recovered in the water. In a steady state, the 
»HrrM.^water is?n t^fom of a saturated hydrogen chloride solution at the temperature and pres- 
4fn~ £e Amount of water increases owing to condensation of the resulting water in the recovery 
tower chromtum^inS Se^nceSd tn order to avoid the increase in amount of the aqueoushydro- 

chtorSe soTuton. H is desirable to conduct the washing of the resultant 9^ near the ^°P |C 
plraSre When fte reaction is conducted under usual condffions. i.e.. at about 3-4 kg/cm^G (396- 
492 kPa> it is preferable to operate the stripping tower at 90-1 30°C. 

Under the ^ove^escribed conditions, the chromium compounds contain adir . *e L °^ so v ,Xn to to 
resutent oas are washed by and concentrated in the saturated aqueous hydrogen chlonde solution to to 
recvcS Bv teWnJ the aqueous hydrogen chloride solution, which contains chromium compounds at high 
wnSSattorSitUe by wL constantly out of the washing column, it is P?^**™™*™™^ 
Pounds completely while maintaining the concentrations of the *f™^ h <f 

Here the amount of water to be recycled is determined by controlling the operation temperature i oi ^ine 
waThinrto^rtomeJrby balancing the amount of the resulting water to be condensed and the amount 
50 ofthe aquwus chloride solution to be subjected to azeotropc « v aP oratlon i ^ H w n e i^J h v e 
amoum ft ^ chromium-containing aqueous hydrogen chloride solution to be drawn out ^neoessa^ 

so s^uen^ ^ substartid I portion of water in the resultant gas. which water has been formed by the reac- 
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increasing in the recycled washing water by adding water from the water makeup port 18 or by adjusting 
the amount of the aqueous hydrogen chloride solution to be drawn out through a discharge port 19 tor tne 
aoueous hydrogen chloride solution. As a result, it is possible to maintain the concentration of hydrogen 
chloride in the resultant gas substantially at a trace level. The aqueous hydrogen chloride solution drawn 
out of the discharge port 19 for the aqueous hydrogen chloride solution can generally be used as hydro- 
chloric acid as is. It is also possible to heat the aqueous hydrogen chloride solution so as to generate 
hydrogen chloride, which can then be used again as the raw material, i.e., hydrogen chlonde in tne 
present reaction. The aqueous hydrogen chloride solution to be recycled is then cooled by a cooler 17 to 
adjust its temperature to a constant temperature. A packed column, plate column, spray column or tne 
like can be used as the hydrogen chloride gas absorption column 9. Such columns can also be combined 
together. A plurality of absorption columns may also be used in series so as to achieve more complete 

^^Tchromium washing column 8 in the preceding step and the hydrogen gas absorption column 9 may 
be provided as discrete columns instead of the integrated single column. 

The resultant gas contains chlorine and small amounts of water, hydrogen chlonde and an inorganic 
gas. After washed with water, it flows through a resultant gas flow line 20 into the sulfuric acid washing 

^Through the sulfuric acid washing column 21, sulfuric acid of 20 - 80*C, preferably, below 60*C is cir- 
culated by a sulfuric acid pump 23. The resultant gas is thus brought into contact with the sulfunc acid so 
that the water still remaining in the resultant gas is completely absorbed in the sulfuric acid. 

In order to maintain the concentration of the sulfuric acid at a suitable level in a sulfunc acid circula- 
tion system 24. the flow rate of sulfuric acid through a sulfuric acid makeup port 22 and that of dilute sul- 
furic acid through a dilute sulfuric acid discharge port 26 are controlled. The sulfunc acid is cooled in a 
cooler 25 so as to adjust its temperature to a predetermined temperature. 

The dilute sulfuric acid can be concentrated and hence reused by heating it under normal pressure or 
reduced pressure. A packed column, plate column, spray column or the like can be used as the sulfunc 
acid washing column 21. Such columns can also be combined together. A plurality of washing columns may 
also be used in series so as to achieve more complete absorption. 

The resultant gas which has flowed out of the sulfuric acid washing column 21 is then fed through a line 
27, compressed by the compressor 28, delivered through a line 29, and then cooled by a cooler 30 

As to the liquefaction of chlorine, there is a liquefiable range which is defined by both pressure and 
temperature. As the temperature is lowered within this range, the compression pressure may be lowered. 
For an industrial application, the compression temperature and cooling temperature are determined in 
view of the most suitable economical conditions within the above range because the initial investment 
should also be taken into parallel consideration. In a usual operation, it is preferable to conduct the lique- 
faction of chlorine at a compression pressure of 10-25 kg/cm2G (1 082-2553 kPa) and a tempera- 
ture of -15 30°C. The resultant gas which has been compressed to a desired optimum pressure is then 

fed into the distillation tower 32. The resultant gas is then distilled while being cooled and liquefied by a 
cooler 37 which is provided in an upper part of the distillation column 32 and is cooled by a refrigerator 

^ W^rTthe cooler 37, the resultant gas is separated into liquefied chlorine and a gas phase which con- 
tains oxygen gas, inorganic gas, a small amount of hydrogen chloride gas and uncondensed cnlonne gas. 
The liquefied chlorine is then taken out of the distillation column 32 through the bottom thereof, thereby 
providing liquefied chlorine 33. No special structure is necessary for the distillation column. It may be of 
the same type as a plate column or packed column employed in usual distillation under elevated or normal 

^The qas, which has been separated in the distillation column 32 and contains the excess oxygen gas, in- 
organic gas, small amount of hydrogen chloride gas and uncondensed chlorine, flows out as a remaning 
gal through a line 34. In order to reuse the oxygen in the remaining gas for the oxidation of the raw mate- 
rial hydrogen chloride, it is fed back through a recycled gas flow line 35 and is mixed in the mixed gas of 
the raw material hydrogen chloride and oxygen. 

The inorganic gas contained in the raw material hydrogen chloride and oxygen increases gradually in 
the course of a continuous operation. It is hence desirable to release the remaining gas little by little con- 
stantly as a waste gas out of the system. The amount of the waste gas to be released through the line 36 
is determined in accordance with the amount of the inorganic gas contained in the offgas supplied 
through the raw material feed line I and the oxygen fed through the feedline 4. Namely, it is necessary to 
release more and more remaining gas through the line 36 as the amount of the inorganic gas contained in 
the crffgas and the oxygen increases. Therefore, the amount of the remaining gas to be released out of 
the system is determined suitably in view of the aforementioned conditions. 

The concentration of chlorine contained in the gas phase drops as the compression pressure or the 
dried resultant gas fed through the flow line 27 is increased and the cooling temperature for the dned re- 
sultant gas is lowered. Correspondingly, the chlorine content drops in the portion of the remaining gas, 
which is recycled as a recycled gas to the reactor 6 through the recycled gas flow line 35. 

TTie reaction in which hydrogen chloride is oxidized with oxygen to form cnlonne is an equilibnum reac- 
tion as Sn aSove S the relction formula (I). When the amount of chlorine in the gas recycled through 
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the line 35 is high, the equilibrium is shifted toward the left side of the formula (I) so that the amount of 
So me produced per unit amount of hydrogen chloride fed decreases and less chlorine is > heme > pro- 
5m«m i From thTs^^ewDoint it is advantageous to increase the compression pressure and at the same 
Smeto SiStSSSn temperature.^ is however desirable to lower *e common pressure .and 
to raise the cooling temperature when the quantity of energy to be used and the cost for equipment to be 

"^VSS^SSSi and cooling temperature are of suchnag that they are deter- 
mined not only by reaction conditions but also by economy conditions as desctoed above 

Where chlorine is still contained at an unignorably high level in the remaining ^gas to > tie releasee 
though me line 36, it is possible to compress the remaining gas, which is to be released ' *~"Shjhe tone 
?p iT ■ T oressure hioher than the initial compression pressure. The thus-compressed gas is thereafter 
SolSl to Sense effing Tollowed by distillation in a separate distillation column to separate chlonne. 

Example 1: 

Thronoh a heat exchanoer (by subjecting to a heat exchange with cold hydrogen chloride gas at the exit 
of S ™ct£ate T4*In^ln? §0.6 kg/hr of a raw material, namely, an offgas ; (1.41 kg mole; hydrogen 
chloride- 93 7 wSToxygen: 1.3 wt.%; nitrogen: 2.0 wL%, carbon monoxide: 2.8 wt%, orthcxiichtorobem- 
m'nrm. n I J. %\1 discharged at 4 WarfiG (492 kPa) and 30»C from a purification step of TDI 
20 MMm^SSoiM)^!^^ -2«C. ThToffgas in which the concentration of ODCB had been re- 
duded to X2oJ wt^astten caused to pass through the column 2 packed with 100 kg , of actuated 
^on fin a granular form of 4 x 6 mm) which had been obtained by subjecting coconu shells to dry disW- 
therebV lowerino the concentration of ODCB to 0.04 wt.% in the hydrogen chloride gas. The hy- 
drogen *ch onoe^ into the heat exchanger, in which 1 he to***. genders 
„ " .ujLmoH tn a heat exehanae with the offqas as the raw matenal so that the hydrogen cnloncie gas was 
25 wSSd to ^SWRTlSGhr of oxygen (0.3 kg mole; oxygen: MB wt% .nfrogen: 0^4 
the resultent m xed gas was charged in a heater and was then heated to 200°C wrth heated steam. 
ThetSeated^ xed gas wasthen caused to pass through a column (not shown) packed with 10 kg of a 
lafaJvLf fin a* o^ran^KrnT of 5 x 10 mm) of I wt% of palladium supported on an alumina earner, whereby 
30 wT^hlS^SSSn was converted to CO* to reduce the CO content to 0.01 vol% or Jess. 
The rasuWng rn^ed gas was lien added with 24.5 kgmr of a gas (0.7 kg mole; hydrogen ch onde: trace 
Sygen: S!l wt.%. water: trace, chlorine: 9.7 wt.%, ^rogen: ]6.3 wt%. carbon dioxide gas: 33.2 wtA) 
recvcled through the line 35, followed by introduction into the fluidized bed reactor 6. 
fi Sed bed reactor 6 was a cylindrical reactor which was about 0 3 m across and about 3 m hgh 
35 ana was ^ed wim NL The fluidized bed reactor 6 was packed with 39.5 kg of a Peculate chrom.a cate- 
brt hatfna an aWraoe oarBcte size of 50 - 60 |im. The catalyst had been obtained by adding colloidal si^- 
^s^MeTta^mmtomX, which had in advance been precipitated with aqueous amrroma so- 
Ston m^m an aqufous solution of chromic nitrate, forming the resultant slurry into . partidee i by a > spray 
5yh?g techniqueVd then calcining the particles at 600-C. The a^nwcedgas ^M^^ 
an ride aas oxvoen oas and recycled oxygen-containing gas was sub acted at 400»C m the presence orine 
S^l^ftc ?a y clntin^ous oxtotion reason in the fluidized bed reactor The resultant gas (hydrogen dMo- 
rfd^ 17 6 wt% oxygen- 15.1 wt%, water. 9.4 wL%, chlorine: 39.8 wt%. nitrogen: 5.9 wt%, cartion cbox- 
|deTl2 ii ?v^'chrom1umro.05 wi.%) obtained by the oxidation was charged at a flow rate of 85.3 kgmr 

(2.2 kg mole) into the chromium washing column 8. 

The chromium washing column 8 includes the hydrogen chlonde gas absorption column >9 in an upper 
oart mereof and is a column containing a packing material therein and having a d ameter of abouto.3 1 m 
£nd a height of about 6 m. The lower column serves for washing chromium. Water is sprayed ^fronv me top 
of ttie waXg column and is drawn out through the bottom. The water is continuously circulated. The tem- 
perature of the circulated water was confrolled at I20°C by a cooler. contained as a orinci- 
The hydrogen chloride and the vaporized and scattered portion of the ^ l^^ v 

Z eo^^TSSSThe aqoeoi h/drogen cWonte soUiUon with chromium components 
65 60 kg/hr through an outlet of a circulation pump. 
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The resulting gas, which had been washed with water in the hydrogen chloride gas washing column 9 to 
lower -SSSSaMoa of hydrogen chloride gas to a trace level, was cooled to 20»C by a cooler and 
then charged into the sulfuric acid washing column 21. , -rmse and 

The sulfuric acid washing column 21 contained a packing matenal therein, was about 0.3 m across and 
about7mh^h^nd was divided into two parts, i.e., an upper washing column and an lower wash.ng c* 

Um kTuZ?Z£X"S™^ column, 90 - 95% sulfuric acid of 50 - 60=0 was fed to wash the 
'^rS^ bottom of the upper washing oolumn after 

washCthe resultant gas. was drawn out and cooled to 50 - 60-C by a cooler and was then recycled by a 
reSg pump for to realization in the sulfuric acid washing column. To th.s »2^£^2L"5 
farte^cld was continuously replenished at a rate of 3.0 kg/hr in order to ma.ntain the concentration of 

"^iSXdrtSpSS; of the sulfuric acid flowed down on the bottom of the upper washing column was 
therTallowed ™otow downwardly to an upper part of the lower washing column, where the resultant gas 
was subjected to further counter-current washing and drying. The f^J^^i^S^JSS- 
to the bottom of the lower washing column, was taken out of and was then adjusted to 50 - 60 C by a cool 
er. It was thereafter fed back, i.e., recycled as 70% sulfuric acid by a recycling pump to the upper part 
nf the lower washina column in order to wash and dry the resultant gas. . „. 

From to oX of the recycling pump of this recycling system, app. 70% sulfunc acid was taken out at 

4 ' 2 Thf resultant gas of 50'C (hydrogen chloride: trace, oxygen: 20.8 wt%, water: trace, chlorine: 54.2 
wt% nitrogen 62 wL%, carbon dioxide: 16.8 wt.%), which had flowed out of the sulfunc aad I wash.ng 
S'lumn Woharged at a flow rate of 61 .9 kg/hr (1 .3 kg mole) into ^eajmpressor 28 in wh,ch rt was corn- 
Dressed from 4 kg/cm2G to 25 kg/cmZG (492 to 2553 kPa). followed by cooling to -2.5«C. 

Pre T^e?hLs^mTressed resultants, which had ^^.^^^^SS^^S^ 
latinn «5iumn 32 in order to liauefy and separate the chlonne in the resultant gas completely, me arcniia 
ton So^mn had a^ innVr dtoSfcZ* about 0.1 5 m and a height of about 6 m and wasintematly pa^edwi* 
a oaddng material. In an upper part, there was provided the cooler 37 which i cooled the reactan jas by 
30 So to reWgerator. The impressed resultant gas charged ^*^i^S£^£SX 
/^i».mn *\o waft moled bv the cooler provided n the upper part The chlonne in the resultant gas was ircj 
SetoTand ^t^X^-Wso that to liquetd Chlorine was allowed to flow down through to 
nackina material in to column to the bottom of the distillation column. 

P Into wurse of the downward flow of to liquefied chlorine, the liquefied chlonne was distilled and m- 
35 ourWee in fteHquefied chlorine were discharged along with the remaining gas such as oxygen to the top 
to diXtion column The liquefied chlorine on to bottom was separated at 30.8 kg/hr (0.4 kg mote) 
Srwghto fine 33 The liquefied chlorine had to following composition: hydrogen ' c«onde: tra^ oxy- 
n k wtv water trace chlorine- 99.9 wt%, nitrogen: trace, carbon dioxide: 0.4 wt%. On to other 
hand ^Bq^'^ATto^^ gas write?, had been discharged t° *e top of to di»n 
40 column ^as composed primarily of oxygen and also contained an inorganic gas (hyc^gen chlonde trace, 
owien- 40 ^8wt%. water: trace, chlorine 9.7 wt.%, nitrogen: 16.3 wt%. carbon , dioxide: 33.2 wt%). The 
3nhgW W» ton recycled at a flow rate of 24.5 kg/hr through to line 35 and mixed in the mixed 

^V&fZlS^fZSS* ^ at a flow rate of 6.6 k£hr to a decontamination co.umn (not 
45 shown), in which it was washed with water, followed by release into to atmosphere. 

Example 2: 

Usino as a raw material gas, 39.7 kg/hr (1 .1 kg mole) of hydrogen chloride gas of 4 kg/cm2G (492 kPa) 
and 28-Cha^ exactly *e same composition as to raw material gas employed in Example 1. to oxida- 
ton of ^ hyXogln chloride gas conducted in exactly to same manner and apparatus as n Example 1 ex- 
cept for to following modifications. 

I) After the treatment with activated carbon, the other raw material, i.e., oxygen was introduced at a 
rate of 8.0 kg/hr (0.25 kg mole) as opposed to I0.2 kg/hr (0.3 kg mole) in Example 

13. pi£* SKw maSih^Sgen ohlort* as opposed » 0.5 mole p.- polo of th. raw maw»l 
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hyd 3 X SSS iSSffi the fluidized bed reactor 6 was prepared by dipping a sflicor .oxide .carrier 

iiXES^ ™* ™ average partide * ze of 50 ■ 60 m ,n ™ aqueous 
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hydrous chromic acid, followed by calcining at 500°C. The catalyst contained 60 wt.% of chromic oxide. 
The reactor was packed with 30.9 kg of the catalyst prepared by the above dipping process. 

4) In Example I, the resultant gas obtained by the oxidation reaction had the following composition: hy- 
drogen chloride: I7.6 wt%, oxygen: 15.I wt.%, water 9.4 wt%, chlorine: 39.8 wt%, nitrogen: 5.9 wt%, 

5 carbon dioxide: I2.2 wt.%, chromium: 0.05 wt%, and was discharged at 85.3 kg/hr (2.2 kg mole) from the 
reactor. In Example 2, the resultant gas had the following composition: hydrogen chlonde: I4.4 wt%, oxy- 
gen: 2I.4 wt%, water: 7.2 wt%, chlorine: 32.6 wt.%, nitrogen: 8.0 wt.%, carbon dioxide: I6.4 wt%, chro- 
mium: 0.06 wt.%, and was discharged at 85.6 kg/hr (2.2 kg mole). _ U1 

5) In Example I, water of 25°C was charged at a rate of 38.5 kg/hr to the top of the hydrogen chlonde 
10 gas absorption column 9 and the washing was taken out at 60 kg/hr from the outlet of the recycling pump. 

In Example 2, water was charged at 32.5 kg/hr and washing was taken out at 49 kg/hr (the compositions 
of both washings were the same). „ ■ ... 

6) In the sulfuric acid washing column 21, 98% sulfuric acid was replenished at 3.0 kg/hr while drawing 
out 70% sulfuric acid at 4.2 kg/hr in Example I. On the other hand, the former sulfuric acid was replen- 

15 ished at 2.3I kg/hr while taking out the latter sulfuric acid at 5.0 kg/hr in Example 2. 

7) In Example I, the resultant gas of 50°C which had flowed out of the sulfuric acid washing column had 
the following composition: hydrogen chloride: trace, oxygen: 20.8 wL%, water: trace, cWonne: 54.2 
wt% nitrogen: 8.2 wt.%, carbon dioxide: I6.8 wt%) and was charged at a flow rate of 6L9 kg/hr (I.3 kg 
mole) into the compressor 28. In Example 2, the resultant gas of 50°C had the following composition: hy- 

20 drogen chloride: trace, oxygen: 27.4 wt.%, water: trace, chlorine: 4L2 wt%, nitrogen: I0.3 wt%, carbon 
dioxide: 2I.I wt.%) and was charged at a flow rate of 66.8 kg/hr (I.5 kg mole) into the compressor 28. 

Following the procedure of Example I, the oxidation was conducted under the above-mentioned condi- 
tions. As a result, liquefied chlorine was obtained at a flow rate of 23.6 kg/hr (0.34 kg mole) from ithe bot- 
25 torn of the distillation column 32 and through the line 33. Its composition was exactly the same as frie com- 
position of liquefied chlorine in Example I. In addition, a portion of the unliquefied gas which had dis- 
charged from the top of the distillation column was released at 5.3 kg/hr through the line 36 to a 
decontamination column (not shown) provided outside the reaction system. 

30 Example 3: 

An offgas, which had been discharged from a chlorination step of benzene and contained l% of ben- 
zene, was caused to pass as a raw material through a column packed with 2 kg of activated carbon, so 
that the concentration of benzene in the hydrogen chloride gas was lowered to about I00 ppm after the 
35 treatment. 

On the other hand, a catalyst was prepared in the following manner. 

In 30 £ of deionized water, 3.0 kg of chromic nitrate nonahydrate was dissolved. While stirnng the re- 
sultant solution thoroughly, 2.9 kg of a 28% aqueous ammonia solution was added dropwise over 30 mm- 
utes 

40 Deionized water was added to a slurry of the resulting precipitate to dilute the latter to 200 £. After 
the above-diluted slurry was allowed to stand overnight, it was subjected to repeated decantaiion so as 
to wash the precipitate. Colloidal silica was then added in an amount of 10% of the total weight of a mixture 
to be obtained after calcining. The mixed slurry was thereafter dried in a spray drier to obtain powder. 
The powder was then calcined at 600°C for 3 hours in an air atmosphere. 

45 The powder was thereafter sifted by means of JIS standard sieves to collect particles having an av- 
erage particle size (medium size) of 50 - 60 jun as a chromia catalyst , . _ __ e _ . 

A Ni-made fluidized-bed reactor having an inner diameter of 2 inches was then packed wrth 375 g of 
the above catalyst While externally heating the reactor at 340"C by a fluidized sand bath, the activated 
carbon treated gas and oxygen gas were introduced respectively at 1.25 lstf/m.n and 0.63 1 N /mm to the 

50 catalyst bed and were then subjected to an oxidation reaction while maintaining the catalyst in a fluidized 

St ^"e temperature of the catalyst bed arose to 350°C owing to the generation of heat A gas, which had 
flowed out of the reactor, was introduced in a trap constructed of an absorption bottle of an aqueous so- 
lution of potassium iodide and another absorption bottle of an aqueous solution of caustic soda, both, 

55 connected together in series. The aqueous solution of potassium iodide and the aqueous solution of 
caustic soda were titrated respectively with sodium thiosulfate and hydrochlonc acid to quantitatively 
analyze the unreacted hydrogen chloride and the resultant chlorine. r/a n _ n 

The conversion of hydrogen chloride was 70% immediately after the initiation of tine reaction. Even 
200 hours later, a conversion of 69% was still achieved. After the reaction, the carbon content of the 

60 catalyst was 50 ppm as shown under Experiment I in Table I. —n-itai an 

For the sake of comparison, a similar oxidation reaction was conducted by using, as a ™w m^enal, an 
offgas which had not been treated with activated carbon and contained I wt.% of benzene. Another oxi- 
dation reaction was also conducted at a varied rate of excess oxygen in order to investigate the de- 
crease of the conversion and the carbon content in the catalyst after the reaction. Results are shown 

65 respectively under Experiments 2 and 3 in Table I. 
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Exp. No. 


O2/HC! molar 


Conversion (%) 


Carbon content 


ratio 


At start 


200 hrs later 


(ppm) 


1 


0.5 


70 


69 


50 


2 


0.5 


70 


61 


900 


3 


0.3 


60 


34 


5000 



Example 4: 



15 An offgas, which had been discharged from a phosgenation step of tolylene diamine and contained 10 
vol % of carbon monoxide gas besides hydrogen chloride, was employed as a raw material. After an addi- 
tion of oxvaen to the offgas, the mixed gas was fed to a Ni-made oxidation apparatus. 

The oxidation apparatuses packed with I kg of a pellet-like catalyst which contained I vol.% of palladi- 
um supported on an alumina carrier. When the temperature of the oxidation apparatus was maintained at 
300-C, thV contentof carbon monoxide gas in the offgas was 3 wt% at the outlet of the ox.dat.on appara- 

^A Ni-made fluidized bed reactor having an inner diameter of 4 inches, which was packed with 1507 g of 
the chromia catalyst prepared in Example 3, was externally heated to 370»C by a fluidized sand bath. The 
above offgas and oxygen gas were then introduced respectively at flow rates of 13 N/Amn (HCf : 12.6 
N?CO: 0.4 Hi, CO2 0.98 N-f) and 6.3 W/min (HW basis, SV 500 W/kg-cat-hr; rate of excess oxy- 
gen: 100%) into the fluidized bed, whereby they were subjected to an oxidation reaction while maintaining 
the catalyst in the fluidized state. . , , _ ... 

The temperature of the catalyst bed arose to 400°C owing to the generation of heat The gas, which 
had flowed out of the reactor, was then Introduced in a trap composed of an absorption bottle of an aque- 
ous solution of potassium iodide and another absorption bottle of an aqueous solution of caustic soda. 
The aqueous solution of potassium iodide and aqueous solution of caustic soda were titrated r^pectiye- 
ly with sodium thiosulfate and hydrochloric acid, so that the unreacted hydrogen chloride and the formed 
chlorine were quantitatively analyzed. , . . . ii<m eoo/ . „_ 

Immediately after the initiation of the reaction, the conversion of hydrogen chlonde was 68%. A con- 
version of 66% was achieved even 200 hours later. Even after proceeding with the reaction for 200 
houre, the weight loss of the catalyst was 30 g. It was as little as 2% of the amount of the catalyst packed 

3t For b thl' n s n ake'of comparison, the offgas. which had been discharged from the phosgenation step of 
tolylene diamine and contained 10 vol.% of carbon monoxide, and an oxygen gee were introduced res pec- 
tVe y at flow rates of 14 W/min <HC*: 12.6 M, CO: 1.4 Hi) and 6.3 W/min (HC* basis SV 500 Nflkg- 
cat«hn rate of excess oxygen: 100%) into the above fluidized bed, whereby they were subjected to an oxi- 
dation reaction while maintaining the catalyst in a fluidized state. ...,,-,-taH 
The temperature of the catalyst bed arose to 400°C owing to the generation of heat The unreacted 
hydrogen chloride and the formed chlorine were quantitatively analyzed in the same manner as de- 
scribed above. The conversion of hydrogen chloride was 65% immediately after the inrtation of the reac- 
tion In 200 hours, it however dropped to 55%. After proceeding wim the reaction for 200 houre .the 
weight loss of the catalyst was 90 g. It was as much as 6% of the amount of the catalyst packed at the be- 
ginning. 

50 Claims 

1. A process for producing chlorine by oxidizing a gas comprising hydrogen chloride, which process 

OT T) P Sb?eSng°^d^ chloride to an oxidation reaction at a temperature of 30C >- 500* lin the 
presence of a chromic oxide catalyst by using oxygen in an amount in excess of 0.25 mole per mole of 
the hvdroaen chloride contained In the gas; . . . 

2) cooling said reaction mixture, which primarily comprises chlonne, water, unreacted hydrogen chlo- 
ride, oxygen and vaporized chromium compounds, rapidly and then washing same with water, thereby 
recovering the chromium as an aqueous solution; 

3) washing the remaining portion of the resultant gas again witii water to absorb the j Jydro- 
gen chloride in the water, so that the unreacted hydrogen chlonde is recovered as hydrochlonc aori, 

41 washino the still remaining portion of the resultant gas with sulfunc acid to remove water therefrom, 
5) ^ompres^ns and coolini the still remaining portion of the resultant gas, said portion 
chlorine primarily and containing unreacted oxygen, whereby the chlonne is separated as liquefied 
65 chlorine from the still remaining portion of the resultant gas; and 
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6) recycling a portion or the entire portion of the remaining gas, which has been obtaine^ after the sep- 
Safentflhe liquefied chlorine and is composed primarily of oxygen, as a circulating gas to the oxida- 

2°Tte process as claimed in claim 1 , wherein the oxygen is used in an amount of 0.5 - 2 moles per mole 
s of the hydrogen chloride in the oxidation reaction. , ._j„ rf „*«ert Annr 

3 The process as claimed in claims 1 or 2, wherein the oxidation reaction is earned out at 350 - 450 C. 
J Thepra^ss^ daimed in any preceding claim wherein the oxidation reaction ,s earned out at 3 - 

4 S^ro^ss" afdafmed in any preceding claim wherein the oxidation reaction is carried out in a reac- 
m tor the material of which does not contain more than 1 wt% of iron. 

10 to^^^^^ed in any preceding claim wherein the recovery of the chromium in the step 2) 

is earned out at 90 - 130°C in a washing column. . 

^ A process for producing chlorine by oxidizing an offgas byproduced .n a reaction step erf ar Roman- 
ic «mpo^ndand containing hydrogen chloride therein, characterised .n that the ox.da*on °flgas 
15 is conducted in the presence of a chromic oxide catalyst after lowenng the content of the organic com- 

^t^T^SKSU of the organic compound is lowered by ad- 

S °?A 9 p*n^r Z32£ S&S&SS* an offgas byproduced in a reaction step of an oroan- 
20 to J™S5Wco5^rSw chloride therein, characterised in that the oxidation of the offgas 
is SSSSS hSe^SSS of a chromic oxide catalyst after lowering the content of carbon monox.de In 

^ifK^SSSS KXSe content of the carbon monoxide Is 
ing L^aZn^noxide into contact with oxygen in the pre sencej of a paltedlum catalyst. wh.ch contains 
25 alumina as a carrier, and converting the carbon monoxide into carbon dioxide gas. 

Patentanspruche 

30 1 Verfahren zur Eizeugung von Chlor durch Oxidieren eines Gases, das Chlorwasserstoff enthalt. 

^ffSSSSSS^ ml dem Chlorwasserstoff bei ^J™^™* 3 ^ 

500«ct Snwart eines Chromoxid-Katalysators unter Verwendung von Sauerstoff in einer Uber- 
«sehuBmenae von 0 25 Mol pro Mol des in dem Gas enthaltenen Chlorwasserstoffs. 
35 ifsSte f AbkOhlen der Reaktionsmischung, die hauptsachlich Chlor. Wasser, n.dit-umgesetzten 
%^^r^S^e^o» on6 verdampfte Chromverbindungen enthalt. und anschlieBendes Wa- 
SSTtaSZ' Ser, wodurch das Chrom in Form einer wSBrigen L5sung zurOckgewonnen 

Slmeutes Waschen des restlichen Tells des resultierenden ^W^^^ 
setzten Chlorwasserstoff in dem Wasser zu absorbieren, so daB der nicht-umgesetzte cmorwasser 
staff als Chlorwasserstoffsaure zurOckgewonnen wird; » e^.nkics.m nm Was- 

4) Waschen des noch verbleibenden Anteils des resultierenden Gases m.t Schwefelsaure. urn Was 

irSSren^nTKOhlen des noch verbleibenden restlichen Anteils ides wo- 
hni i dieser Anteil hauotsachlich Chlor umfaBt und nicht-umgesetzten Sauerstoff enthatt. woaurcn oas 
GM^fS^^S^ Chlor von dem noch verbleibenden Anteil des resutoerenden Gases 

^nSdtaM tftaLa Teils oder der Gesamtmenge des restlichen Gases, das nach der Abtrennung 
STSSSSm ^Sworl Jmaltn wordVn ist und LuptsSch.ich aus Sauerstoff besteht. ais 2fetaM- 

50 TT^^&XSSS^ von 0.5 bis 2 Mo. pro Mo, Chlor- 

TvS^St^rrSrS Oxidationsreaktion be. 350 bis 450-C durehgefOhrt 
55 Wi ?.' Verfahren nach einem der vorhergehenden AnsprOche. worin die Oxidationsreaktion bei 3 bis 

4 whet ^M rt Se«A rr , Je2r ^n h einem 

65 von unter 1 Gew.-% herabgesetzt worden ist 
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8 Verfahren nach Anspruch 7. worm der Gehalt an der organischen Verbindung durch Adsorbieren 

^Trl^ ~ ate, mm-** £ * 

nerReakZtufe emer organischen Verbindung gebildet wird und Chtorwasseretoff enttaK, dadurch 
* opLnShn^ dal die Oxidation des Abgases in Gegenwart eines Chromoxid-Katalysators durchge- 
5 in dem Abgas vorher auf einen Wert von unter 1 0 Vol.- 

% WSn^achASpruch 9, worin der Gehalt an Kohlenmonoxid dadurch herabgesetzt wird, daB 
J^dSSSSSJS nSi MrioR in Kontakt bringt in Gegenwart eines Palladiumkatalysators, der 
10 A^inl^moxid hSnSgv enthalt und das Kohlenmonoxid in Kohlendloxid-Gas umwandelt 

Revendications 

1 Precede de production de chlore par oxydation d'un gaz comprenant du chlorure tfhydrogene, le- 

15 q t P souteKThlSure *g£!S£tS» reaction tfoxydation a una temperature de 300-500-C en 
presence tfun cSaJ^ur d'oVyde 9 chremique en uUDsant de I'oxygene en une quantrte en exces de 0.25 

mole par mole du chlorure d'hydrog&necontenu dans le gaz; . 

S rafrridlr raoidement ledit melange reactionnel. qui comprend pnncipalement du chlore, de 'eau. au 
^loWd'hydSKlyam pas reagi. de I'oxygene et des composes de chrome vaponses. pu.s le 
laver avec de I'eau oour ainsi recuperer le chrome en tant que solution aqueuse; 
I Tfavlrla portiw "reSe du gaz resultant de nouveau avec de I'eau pour absorber le chiorure d hy- 
drogene rfRrt i^aTreagi dans I'eau de maniere que le chlorure tfhydrogene n'ayant pas reag. so.t re- 

§X^^reSte^ 9 ^tant encore du gaz 2£ ffg^ffSA 

pklement du chlore et contenant de I'oxygene n'ayant pas reagi. ainsi le chlore est separe sous la 

forme de chlore liauefie, de la portion restant encore du gaz resultant; et . ,„„, Hll 

6Wecyde7une Xion ou toute la portion du gaz restart, qui a 6te obtenue ap r ^ se^tton du 
chlore^KqueW et se compose principalement d'oxygene. en tant que gaz en emulation vers letape 

J^oSselon la revendication 1 , ou I'oxygene est utilise en une quantite de 0,5-2 moles par mole du 

4 St seta, rune Scfnque des revendications precedentes. ou la reaction tfoxydation est ef- 
f tSaS '2EttSS£S£<m revendications d'oxydation est « 

An wtaoe 2^ est effectu§e k 90-130°C dans une colonne de lavage. . ,. . 

TpSToS de chlore par I'oxydation d'un gaz tfechappement sous-produrt dans une 
e Joe diction rfunWo^ omanique et contenant du chlorure tfhydrogene, caracterise enceque 
Safa du^ XSTenlest entreprise en presence d'un oxyde chremique comme catalyseur 
l SS^a£^StSZ en compose organique dans le gaz tfechappement a un mveau plus table 

qU I 'Sc^dl'Stan'te^ndication 7. ou la teneur en compose organique est abaissee par adsorption 

^t^^^^^,^ , un gaz "tg^'SEtt SI'S 
6tane de Veaction d'un compose organique et contenant du chlorure tfhydrogene, caract6ris6 en ce . que 
Nation du7« d V echappemert 1st entreprise en presence d'un catalyseur d'oxyde chrom que apito 
avoKf^ de carbone dans le gaz tfechappement a un n,veau plus bas que 10% en 

VO lT ProSfselon la revendication 9. ou la teneur en oxyde de carbone est abaissee en meter* . roxyde 
de ciro^neln cortaS atec de I'oxygene en presence ^J^ZS^SSS ** 
rninTer. tant que vehicule, et en oonvertissant I'oxyde de carbone en gaz carbomque. 
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